Background: Current guidelines recommend using aspirin, clopidogrel, betablockers, statins, and angiotensin converting enzyme (ACE) inhibitors after acute myocardial infarction (AMI). Although there is evidence that patients often stop taking these medica tions prematurely, long-term data reflecting the actual reality of care are lacking. We studied prescription prevalence and treatment persistence of secondary prevention in patients who had an AMI by analyzing relevant claims data from a German sickness fund, the Techniker Krankenkasse (these data are not necessarily representative of the entire German population).
Results: Of 30 028 AMI patients, 82% were initially prescribed a beta-blocker, 73% a statin, 69% an ACE inhibitor, 66% aspirin (without self-medica tion), and 61% clopidogrel. Five years after discharge, 10% of the patients for whom aspirin was initially prescribed were still taking it; the corresponding figures for the other drug classes were 17% for statins, 31% for ACE inhibitors, and 36% for beta-blockers. The greatest drop in treatment persistence occurred approximately one year after the AMI.
Conclusion: Treatment persistence with recommended medication after AMI is still in need of improvement. Patient education should start as soon as possible after infarction, because the greatest drops in medication use appear to occur within one year after AMI. ►Cite this as:
Mangiapane S, Busse R: Prescription prevalence and continuing medication use for secondary prevention after myocardial infarction: the reality of care revealed by claims data analysis. Dtsch Arztebl Int 2011; 108(50): 856-62. DOI: 10.3238/arztebl.2011.0856 C ardiovascular diseases are the leading cause of death in Germany (1) . In 2009, 356 462 people died from cardiovascular diseases; 56 226 of these deaths were due to myocardial infarction. Numerous randomized, controlled studies-and the meta-analyses based on them-can demonstrate that reinfarction risk and patient mortality after myocardial infarction can be considerably reduced by lifestyle changes and by using HMG-CoA reductase inhibitors (statins), angiotensinconverting enzyme (ACE) inhibitors, beta-blockers, aspirin, and clopidogrel (e1-e7). Accordingly, recommendations for the long-term use of these drug classes in post myocardial infarction patients have been included in the clinical guidelines (2-6; current versions: e8-e13). Despite this strong supportive evidence, studies have revealed discrepancies between the recommended therapies and the actual health care provided (7) (8) (9) (10) (11) (12) . This is due not only to medical undertreatment following the inpatient stay but also to the problem of high discontinuation rates (13, 14) .
Until now, the health care situation in Germany has been only evaluated in regional studies with small patient cohorts, over a maximum time span of 12 months (7, 8, 11, 12) . Our large-scale, nationwide study analyzed patients discharged from hospital between 2001 and 2006 with a discharge diagnosis of acute myocardial infarction (AMI). We aimed to determine whether their drug therapy was consistent with that recommended by the guidelines, and how many continued the initial therapy for the five years following their hospital discharge.
Methods

Study population
Individuals were included in the study if they had at least one inpatient stay from January 1, 2001, to September 30, 2006, with a main discharge diagnosis of AMI (ICD-10 I21 or ICD-9 410), and if they had been continuously covered by the sickness fund Techniker Krankenkasse (TK) for at least one year prior to, and 90 days following, the hospital stay. Patients were excluded from the study if: • the main discharge diagnosis additionally contained an "A" (signifying "exclusion of"), "V" ("suspected of"), or "Z" ("state afterward");
• the hospital stay was shorter than three days; • they had had an infarction in the year prior to, or in the 90 days following, the primary infarction. Patients were also excluded if, within the 90 days following their hospital discharge, they could not be observed in an outpatient setting for at least one day due to additional hospital stays.
Data source and software analysis
The TK claims data from January 1, 2000, to February 28, 2007, were used as the data source. All analyses were performed with the software SAS (version 8.2). P values of <0.05 were considered to be statistically significant.
Prescription prevalence
Study participants were classified according to their prescriptions (for aspirin, clopidogrel, beta-blockers, ACE inhibitors, or statins) during the 90 days following discharge as users or non-users of the relevant drug classes. The active components of the drugs were classified according to the Anatomical Therapeutic Chemical (ATC) classification code ( Table 1) .
Treatment persistence
The treatment persistence group consisted of patients who had adhered to a continuous drug therapy during the observation period. A drug therapy was considered to be continuous when, starting from the 90 day observation period following the discharge date, it was recorded that the prescription for the assigned drug class had been refilled within a time frame of "prescription end date + 90 days". If this was not the case, the therapy was considered to have been discontinued (discontinuation criterion).
Patients were observed until the discontinuation criterion had been fulfilled, their insurance coverage was ended, the end of observation period was reached (on December 31, 2006), or reinfarction occurred (in this case, the first such occurrence was considered; patients underwent censored observation). Treatment persistence during this time was determined for each drug group with survival time analyses, using the KaplanMeier method (15) .
Episodes of drug coverage and dosage determination for the prescribed drug
The length of an episode of drug coverage, measured in days, was determined from the number of prescribed daily does contained in a package. The an episode of drug coverage was calculated from the dispensing date as follows:
End of the episode of drug coverage = date of dispense + length of the episode of drug coverage -one day.
To determine the end of an episode of drug coverage, it was essential to know the prescribed daily dose (PDD). Although the PDD was not in the claims data, it is possible to determine this from the copies of all filled prescriptions that are kept by the health insurance companies-as the dosages prescribed by the physicians are often visible on these, the PDD can sometimes be identified. For this, the first prescriptions that were written following the hospital discharge were selected for each patient and drug class. From each drug class, 2% of prescriptions were randomly selected, and the corresponding written prescription copies were anonymously reviewed to determine the dosage recommendations. The dosages recommended by the physicians were compared with:
• the corresponding defined daily dose (DDD); • the dosages (lowest and highest) stated in the product characteristics summary;
• an assumed daily dose of one tablet.
We also analyzed which of these three values came the closest to the PDD. This was then used to determine the effective range.
Results
Study population
From about 6.7 million individuals who were insured by TK, 30 028 had had an AMI from 2001 to 2006 and fulfilled the study criteria ( Table 2 ). The average age was 63 ± 12 years (with a mean of 63 years), and 81% were men. The average age of the women in this group was higher than that of the men (68 ± 13 years vs. 62 ± 11 years). The incidence of reinfarction during the follow-up period was 4%.
Prescription prevalence
During the 90 days following the hospital discharge, 82% of patients received a beta-blocker, 73% a statin, 69% an ACE inhibitor, 66% aspirin, and 61% clopidogrel treatment ( Figure 1) ; 3% of the patients did not receive any of these drug groups. Of those who received aspirin, 28% also received clopidogrel, a betablocker, an ACE inhibitor, and a statin. An increase in the 90-day prescription prevalence was observed from 2001 to 2006 for all drug classes except for aspirin ( Figure 2 ).
Prescribed dosage
In total, 2152 prescription copies were analyzed to validate the dosage recommendations. The PDD was indicated on only 15% of these copies. The assumption that one tablet was taken daily came the closest to the PDD and was therefore used to determine the treatment persistence.
Treatment persistence
During the 5-year observation period, there was a noticeable decline in the continuation of the therapy. Specifically, only 10% of the aspirin users, 17% of the statin users, 31% of the ACE inhibitor users, and 36% of the beta-blocker users persisted with the therapy over 5 years. The largest decline was observed in the first year following the infarction (Figure 3) .
The changes in treatment persistence for the clopidogrel users were analyzed according to the intervention performed during the hospital stay (e.g., without a percutaneous coronary intervention [PCI], a PCI without a stent, a PCI with a non-drug-eluting stent implanted, or a PCI with a drug-eluting stent implanted) ( Figure 4) . The percentage of patients who persisted with therapy in the first three groups (e.g., without a PCI, PCI without a stent, or PCI with a non-drugeluting stent) was between 65% and 70% after three months, between 45% and 55% after six months, and between 22% and 28% after one year. In contrast, treatment persistence for patients who had received a PCI implant with a drug-eluting stent was noticeably higher over time, with 90% persistence after six months, and 50% after one year.
Discussion
Despite the strong evidence supporting the use of aspirin, clopidogrel, beta-blockers, statins, and ACE inhibitors as secondary preventive medicine following AMI, recent studies have shown a discrepancy between the recommended therapy and that which is actually received. This study, based on nationwide claims data from the TK from January 1, 2000, to February 28, 2007, analyzed 30 028 AMI patients. During follow-up outpatient care, 82% of these patients received a betablocker, 73% a statin, 69% an ACE inhibitor, 66% aspirin, and 61% clopidogrel. Prescription prevalence increased for all drug classes except aspirin between 2001 and 2006, possibly due to better understanding and application of the existing guidelines.
The prescription prevalence rates observed here are higher than those found in other countries, such as the Netherlands (9) or Denmark (11) , for all of the drug groups except aspirin. In contrast, another German study, based on a questionnaire given to the primary care physicians who continued outpatient treatment, reported almost equivalent or even slightly higher results (12) . Specifically, the study found that, in the month following myocardial infarction in 4643 patients, 70% of them were prescribed aspirin and clopidogrel, 83% a beta-blocker, 71% an ACE inhibitor, and 84% a statin (note that this is higher than our value). These differences in values could be explained by the medical samples provided to the patients by the physicians, as these would not be documented in the claims data yet would be reported as a medication. Additionally, aspirin can be bought directly without a physician's prescription and therefore without being documented in the insurance claims. Additionally, it should be noted that self-medication (over the counter) was removed from reimbursement through German statutory health insurance (GKV) in 2004, and although aspirin is still prescribed following myocardial infarction, this removal had a clear effect on the prescription prevalence (which dropped from 72% in 2003 to 57% in 2004). Whether the prescription decline observed in this study reflects an actual prescription decline remains unclear.
We observed a considerable decrease in the treatment persistence in the years following infarction. Thus, only 10% of the aspirin users, 17% of the statin users, 31% of the ACE inhibitor users, and 36% of the beta-blocker users continuously persisted with their therapy over five years. Moreover, we clearly show here that the first year following infarction is the period in which the patient decides whether or not to discontinue taking their medication (at least on a regular basis), or in which the physicians decide to refrain from writing further prescriptions. This observation is consistent with the results of other studies (9, 13, 14) .
Nonetheless, a methodically-similar study carried out in the Netherlands showed a considerably higher persistence rate (the proportion of patients who persisted with therapy after five years was 82% for statin users, 58% for ACE inhibitors, and 55% for beta-blocker users), although the initial prescription prevalence was lower (9) . This could be explained by the differences in the study populations and the resulting different initial risks. For example, the Dutch study excluded all patients who were relocated after the acute event to other hospitals or rehabilitation facilities. This could therefore mean that the patient cohort had an overall tendency towards a lower disease severity, and that it perhaps also had fewer co-existing diseases that lead to nontolerance and therefore discontinuation of a medication.
With respect to the guidelines at the time of the study (2-6; current versions: e8-e13), our study showed that the treatment persistence for the timelimited use of clopidogrel could be influenced by the type of inpatient intervention, as would be expected. Thus, while there was no clear difference between patients who had no PCI, PCI without a stent, or PCI with a non-drug-eluting stent, 90% of the patients who had undergone PCI with a drug-eluting stent implantation persisted with their therapy after 6 months, 50% after 12 months, and 20% after 18 months. According to the guidelines (2-6; e8-e12), patients should be treated with a combination of aspirin and clopidogrel for between 1 to 12 months, depending on the type of infarction (non-ST elevation myocardial infarction [NSTEMI] or ST elevation myocardial infarction [STEMI] ) and the type of implanted stent (drug-eluting or non-drug-eluting). As the ICD codes have only recently (since 2005) allowed a distinction between STEMI and NSTEMI, it is difficult to determine whether the high persistence rate observed for patients who had no PCI, PCI without a stent, or PCI with a non-drug-eluting stent is appropriate, especially since the current guidelines now recommend a one-year administration of clopidogrel with aspirin for STEMI/NSTEMI patients after a stent implantation (e8, e10, 16) .
A high proportion of insured individuals still received clopidogrel six months after having a drugeluting stent implanted, which can be seen as a positive trend. The fact that 20% of patients still persisted with therapy after 18 months should not be interpreted as excessive, since it has recently become clear that discontinuing clopidogrel therapy increases the problem of late stent thrombosis with drug-eluting stents (17) . The uncertainty about how long it is necessary to administer clopidogrel following implantation of this newer generation of stents prompted the American professional medical associations to recommend a longer administration period of at least one year (16, 18) .
Advantages and limitations of this study
One advantage of this study was that it was based on data obtained about the prescriptions that had actually been dispensed at pharmacies. It should be emphasized that what the patient receives upon hospital discharge is only a medication recommendation. Studies based on such discharge medication recommendations have a tendency to overestimate the quality of the primary care, since the therapy decisions in the ambulatory sector often differ from those in the inpatient sectors, for various reasons (19, 20) . A further advantage of this work is the long follow-up period of up to six years. Until now, only one study is available in the literature in which the follow-up was longer than two years (9) . Additionally, since our study was performed completely independently of any research-oriented secondary data, there was no risk of recall bias.
One limitation of this study is that the study population is not necessarily representative of the general population in Germany. Thus, on average, the socioeconomic factors differ from people insured with the statutory GKV insurance and those who are privately insured. However, people insured with TK have an overall higher socio-economic status than those insured through other GKV sickness funds, which might have positively affected their knowledge and attitudes about using medicine.
Several further limitations arise from using the claims data from the statutory GKV health insurance as the information source. For instance, the claims data do not contain any information regarding the medication that a patient received without a prescription, such as self-medication or samples from the physician, which can lead to underestimating the prescription prevalence for certain drug classes (especially for aspirin). Additionally, the claims data do not contain the prescriptions written by physicians that were not dispensed. Like- Treatment persistence over time n beta-blocker = 19 818, n ACE inhibitor = 16 672, n statin = 17 602, n aspirin = 15 906 Curve profile explanation: Note that, since the discontinuation criterion allowed a 90-day gap, determining the therapy discontinuation rate was methodologically restricted to 90 days after the observation start point. However, several censored observations (that influenced the survival chances) were present at that point, causing the curve profile to sharply drop at the first therapy discontinuation value. ACE, angiotensin converting enzyme
FIGURE 4
Treatment persistence over time (only clopidogrel) n total = 14 747, n PCI = 10 176, n PCI with non-drug stent = 7 949, n with drug stent = 1445 PCI = percutaneous coronary intervention, non-drug = non-drugeluting, drug = drug-eluting Curve profile explanation: Note that, since the discontinuation criterion allowed a 90-day gap, determining the therapy discontinuation rate was methodologically restricted to 90 days after the observation start point. However, several censure criteria (that influenced the survival chances) were present at that point, causing the curve profile to sharply drop at the first therapy discontinuation value.
wise, the claims document the medication received by the patient from the pharmacy, but not whether this medication was actually taken, which can also lead to overestimating the drug persistence.
Another potential limitation of our study is that we did not examine if the patients had switched from one drug class to another, or if they had interrupted and then later resumed a therapy. We also did not analyze the use of angiotensin II blockers as an alternative to ACE inhibitors, which could have led to underestimating both the prescription prevalence of agents that affect the renin-angiotensin system and the relevant treatment persistence. Therefore, this study only describes a part of the reality of secondary prevention care. It also remains unclear whether the decisions to discontinue therapies came from the physicians or the patients.
Whether long-term treatment persistence outside of randomized controlled trials lead to a significant reduction of recurring infarction and death has yet to be clarified and requires further research. Studies investigating this should consult data sources in addition to the claims data because, in our opinion, the validity of the information given in the claims data about the end of the insurance period (which could be due to death, for example) needs to be questioned. This type of analysis was unfortunately not possible within the frame of this study.
Conclusion
This investigation revealed that, while drug treatment of patients after an AMI clearly improved during our period of observation, there is scope for further improvement to treatment persistence. One way to improve treatment persistence would be to offer educational measures for both the patients and their family members, with the involvement of their primary care physicians. This training should take place immediately following the infarction, since this study demonstrates that the decision for or against a therapy is taken within the first year after the hospital discharge.
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